Introduction
Dysphagia is a common complication of ischaemic stroke with an incidence of up to 55% [1] . About half of the patients with acute dysphagia will recover safe swallowing within the first week [2, 3] . Nevertheless, a significant proportion of up to 17% may have prolonged dysphagia for 4 weeks or longer [2] . Furthermore, dysphagia is recognised as an important cause of morbidity and mortality [1, 2, 4, 5] , which is mainly driven by pulmonary complications secondary to aspiration [6, 7] . Known risk factors associated with aspiration are stroke severity, increasing age, dysphagia and various stroke locations [1, [8] [9] [10] 11] To reduce these complications, early screening for dysphagia is important [12, 13] . If safe swallowing is not possible, early (<72 h after stroke onset) enteral feeding via a nasogastric (NG) tube is recommended because malnutrition is an independent prognostic factor of poor outcome in the first week after stroke [14] [15] [16] . Current guidelines recommend switching from NG to PEG (percutaneous endoscopic gast-rostomy) tube feeding not before the second week after stroke onset and only if the need for further enteral feeding is expected for 4 weeks or longer [17] . In the acute stroke phase, the Parramatta Hospitals' Assessment of Dysphagia (PHAD) has proved to be a reliable predictor for dysphagia of at least 2 weeks [18, 19] . However, prognostic criteria predicting prolonged impairment of deglutition for at least 4 weeks are not available (i.e., timing and validity of prognosis and the associated time window of significantly disturbed swallowing). Consequently, and based on current guidelines, the primary aim of this study in patients with hemispheric ischaemic stroke was to explore the value of the PHAD recorded between 8 and 10 days after stroke onset to predict impaired deglutition for another 4 weeks. Our hypothesis was that the PHAD at this time-point predicts impaired deglutition requiring tube feeding at week 4.
Patients and methods

Patients
We performed a prospective, longitudinal, single centre and assessment-blinded, prognostic accuracy, cohort study on patients with hemispheric ischaemic stroke and risk of aspiration, with consecutive enrolment over a period of 12 months. Inclusion criteria were (i) acute and computed tomography / magnetic resonance imaging (CT/MRI) proven hemispheric ischaemic stroke with hospital admission within 48 hours of symptom onset, (ii) relevant risk of aspiration defined as a "two-out-of-six" scale score ≥2. Exclusion criteria were (i) infratentorial stroke, (ii) recurrent stroke, (iii) stroke mimics, (iv) coma, (v) pre-existing dysphagia, (vi) two-out-of-six scale score <2, (vii) death before final assessment.
Methods
Stroke patients considered at risk for dysphagia by the treating physician (i.e., presence of dysphonia, dysphagia, cough or voice change after swallowing) were referred to the speech-language pathologists (SLPs) for standard comprehensive swallowing assessment including the two-outof-six scale within 48 hours of stroke onset. In a few ventilated patients, first assessment was outside the scheduled interval of the first 48 hours. Patients with relevant risk of aspiration (two-out-of-six scale score ≥2) were included and were assessed by a blinded SLP using the PHAD on the same day; a second standard comprehensive swallowing assessment was carried out 8 to 10 days after stroke onset. Patients with persistent risk of aspiration (two-outof-six scale score ≥2) were assessed again by a blinded SLP using the PHAD on the same day and remained in the study. A final evaluation was performed 4 weeks later as a telephone interview focussing on impairment of deglutition, assessed with the Bogenhausen dysphagia score part 2 (BODS-2), and return to prestroke diet ( fig. 1 ). Demographic variables, stroke severity (National Institutes of Health stroke scale [NIHSS] ) and stroke aetiology (TOAST criteria) were assessed by the treating physician after standard clinical work up. The CT/MRI images were visually checked for lesions within the insula and/or frontal operculum (yes/no) (table 1).
The primary endpoint was the threshold value and performance of the PHAD score obtained at second assessment to predict severe to seriously impaired deglutition as assessed with the BODS-2 (score ≥4) at final evaluation. The secondary endpoints were (i) performance of the PHAD obtained at first assessment to predict severe to seriously impaired deglutition assessed with the BODS-2 at final evaluation, (ii) return to prestroke diet, (iii) evaluation of PHAD items with regard to functional outcome measured with the BODS-2 score at the final assessment. Between all assessments, routine therapeutic procedures were performed and treatment decisions relied exclusively on the standard dysphagia assessment without knowledge of the PHAD results.
Swallowing assessments
The comprehensive dysphagia assessment This represents our in-house standard since 2005 and includes: standardised examination of: oral musculature strength, agility and symmetry; protective reflexes; sensation; systematic testing of swallowing of fluids (50 ml water swallow test) and semisolids; the two-out-of-six scale.
Two-out-of-six scale
The presence of two or more features in the two-out-ofsix scale (dysphonia, dysarthria, abnormal gag reflex, abnormal volitional cough, cough after swallowing, and voice change after swallowing) is an indicator of an elevated risk Patient enrolment and exclusion. First and second dysphagia assessments consisted of: comprehensive dysphagia assessment including the two-out-of-six scale. If the two-out-of-six scale score was ≥2 the Parramatta Hospitals' Assessment of Dysphagia was added by a speechlanguage pathologists (SLP) who was unaware of the other dysphagia and clinical assessments. First assessment was performed within 48 h after stroke onset and the second 8-10 d after stroke onset. The final evaluation was performed by an SLP blinded to clinical follow up and consisted of a telephonic interview with assessment of the BODS-2 scale (Bogenhausen-dysphagiascore, part 2) 4 weeks after the second assessment (5-7 weeks after stroke onset).
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Parramatta Hospitals' Assessment of Dysphagia
The PHAD allows a quantitative rating of swallowing and is validated for neurogenic dysphagia [21] . It consists of 14 items with two main components: (i) documentation of the prerequisite needed to swallow and (ii) a clinical swallow assessment. The maximum score is 100 points when swallowing function is normal or a minimum score of 20 points with a severe disorder. A score of less than 60 indicates serious to severe dysphagia, 61 to 90 mild to serious dysphagia and >90 no dysphagia (see supplemental material in appendix 1).
Bogenhausen dysphagia score BODS-2 assesses functional oral intake. A score of 4 to 8 represents serious to severe impairment of deglutition ranging from (i) restriction of oral food intake to only one consistency (at a threshold of 4) to (ii) partial/absent oral food intake, justifying enteral tube feeding for full substitution [22] (appendix 2).
Statistics
Data were analysed using the SPSS statistical package for Windows v. 20. Baseline characteristics are presented as mean and standard deviation (SD) if not stated otherwise. To check for group differences, Mann Whitney U-test (age, NIHSS, modified Rankin scale, two-out-of-six, BODS-2 and PHAD scales) or, where applicable, Fisher's exact test (gender, thrombolysis, lesion location, cardiovascular risk factors, stroke aetiology [TOAST]) were applied. To evaluate our primary endpoint (i.e. the predictive value of the PAHD score, assessed after the first week, regarding serious to severe impaired deglutition [BODS ≥4] at final evaluation) we determined the area under the receiver operating curve (ROC). Furthermore we calculated the Youden index to determine the most appropriate cut-off score of the PHAD. Fisher's exact test was then applied to test the power (OR, sensitivity/specificity) of the PHAD using this cut-off to predict serious to severe impaired deglutition defined as a BODS-2 score of ≥4 at final evaluation. For our secondary endpoint, the predictive value of the PHAD at first assessment regarding serious to severe impairment of deglutition at final evaluation, we repeated the statistical methods described for the primary endpoint. To evaluate the contribution of each of the 14 subitems of the PHAD we calculated a linear logistic regression with the BODS-2 score at final evaluation as the dependent variable.
Results
A total of 252 out of 467 patients with acute ischaemic stroke were considered at risk for dysphagia by the treating physician and were referred for a comprehensive clinical dysphagia assessment by an SLP. At first assessment, 128/ 252 patients were at risk of aspiration, defined as a twoout-of-six scale score of ≥2. Screening failures at first assessment comprised two-out-of-six scale score <2 (n = 118), brainstem infarction (n = 4), PEG tube before stroke onset (n = 1), rejected participation (n = 1). Eighty-six patients reached the second assessment after the first week. Reasons for exclusion at the second assessment were: twoout-of-six scale score <2 (n = 57), death before second assessment (n = 18), palliative care situation (n = 11), incomplete documentation due to transfer to a peripheral hospital (n = 8), lost to follow up (n = 3), stroke mimics (n = 2). Twenty-nine patients remained at risk of aspiration and finished the study per protocol. The mean age of this group with extended risk of aspiration was 72.9 (±10.5, SD) years, 18 (62%) were male and the mean NIHSS score at hospital admission was 12.6 (±5.9) (table 1). Sixteen patients (55%) had right hemispheric, 12 (41%) had left hemispheric and one patient had bi-hemispheric lesions. Within this group, seven patients had relevant functional impairment of deglutition (BODS ≥4) at the final evaluation, in contrast to the other 22 patients who were without relevant functional impairment of deglutition (BODS <4) at the final evaluation ( fig. 2 ). There were no betweengroup differences regarding age, sex, stroke severity or stroke aetiology (table 1) .
Predicting prolonged impairment of oral food intake with the PHAD Only 7 out of 86 patients (8.1%) with risk of aspiration in the acute stroke phase had serious to severe impairment of deglutition at the final assessment. At second assessment, ROC analysis showed that the PHAD score was highly accurate in predicting a BODS-2 score of ≥4 at the final evaluation 5 to 7 weeks after stroke onset: area under the curve (AUC) of 0.971 (95% confidence interval [CI] 0.915-1.0); Youden Index of 0.82 at a cut off of 71.5 points (sensitivity 100%, specificity 82%) and a second highest Youden Index of 0.81 (sensitivity 86%, specificity 96%) at a cut off of 66 points. Fisher's exact test for the groups BODS-2 </≥4 and PHAD ≤/>70 gave a highly significant result (CI
Figure 2
Receiver operator curve (ROC) -analysis of Parramatta Hospitals' Assessment of Dysphagia (PHAD) for prediction of "prolonged impairment of deglutition". At second assessment (mean 8.7 days, SD ± 1.4 post stroke), ROC analysis for PHAD score in relation to serious to severe impairment of oral intake defined as a Bogenhausen-dysphagia-score, part 2 (BODS-2) score of ≥4 at 5-7 weeks after the stroke. Area under the curve (AUC) 0.971, 95% confidence interval 0.915-1.0. ROC analysis for PHAD score assessed in the first week: AUC 0.685, 95% CI 0.412-0.958.
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At first assessment, ROC analysis found that the PHAD score was not accurate in predicting a BODS-2 score of ≥4 at the final evaluation, with an AUC of 0.685 (95% CI 0.412-0.958) ( fig. 2 ). Fisher's exact test for the groups BODS-2 </≥4 and PHAD ≤/>70 at first assessment did not show significance (95% CI 0.05-3.9, OR 0.48, p = 0.67). Return to prestroke diet was possible in 14/29 patients; 8/29 had mild to moderate and 7/29 serious to severe impairment of deglutition, the latter requiring PEG tube feeding in 6 out of 7 patients decided on the basis of the results of the standard comprehensive assessment (fig. 3) . The linear regression model for the 14 sub-items of the PHAD with the BODS-2 as dependent variable was significant only for the item "pharyngeal phase" (95% CI -1.117 to -0.265, p = 0.004) (table 2).
Discussion
In our study we demonstrated that prolonged impairment of deglutition after hemispheric ischaemic stroke can be predicted with the Parramatta Hospitals' Assessment of Dysphagia (PHAD) Impairment of deglutition 5 to 7 weeks after stroke. BODS-2 (Bogenhausen-dysphagia-score, part 2) assessed 5-7 weeks after a stroke (final evaluation) in the group with "extended risk of aspiration" (n = 29). PEG indicates individuals with percutaneous endoscopic gastrostomy. Note partitioning into groups (i) BODS-2 <4 and (ii) BODS-2 ≥4. The latter, representing the group of "prolonged impairment of deglutition" (n = 7), had to be predicted from the PHAD score. is assessed with the PHAD in the second week after stroke onset but not helpful in this regard if it is assessed within the acute phase of stroke of the first week. These results regarding the timing of evaluation and the observation period are new findings and can add important information for the clinician deciding upon switching to PEG tube feeding. The algorithm of the study was based on "the principle of uncertainty" after the routine comprehensive dysphagia assessment, retaining the patients within the study at relevant risk of aspiration. This uncertainty was mainly due to the high sensitivity but low specificity of the two-out-of-six scale score of ≥2 in this regard. In contrast, the AUC from the ROC curve analysis in the second week indicated the high accuracy of PHAD in predicting prolonged severe to serious impaired deglutition at this time point until the final assessment. It depicted two cut-off points (at scores of 71.5 and 66), with high prognostic accuracy according to the Youden index, for selecting patients with this unfavourable course. From a practical point of view, a cut-off PHAD score of about 70 is in line with previous work evaluating the prognostic value of this score for prolonged impairment of swallowing in patients with acute stroke [18] . At a first glance, the lack of prognostic power at an early time-point seems to contradict the prognostic value of the PHAD reported by Broadley et al. [18] : however, the difference is explained by a different, refined methodology as well as by a different observation period as proposed by other study groups (see below): 1. Different population, i.e. acute ischaemic supratentorial stroke vs any acute stroke except subarachnoid haemorrhage; 2. Exclusion of deceased patients with risk of aspiration vs allocation of these patients to the group "prolonged dysphagia"; 3. Different outcome measures, i.e. gradual assessment according to BODS-2 vs. requirement of non-oral feeding. In a subsequent study, Broadley et al. suggested a risk score (RAPIDS) that includes components of clinical and imaging findings to predict prolonged dysphagia [19] . The problems of early assessment and a short observation period remained. Our findings suggest that the time-point of assessment is important because dysphagia is a highly dynamic process within the first week, with up to 50% of patients returning to normal swallowing [2] . Further evidence that transient risk of aspiration (less than 7 days) has a pathophysiology different from that of extended risk of aspiration (more than 7 days) comes from our recent work on lesion location in patients at risk of aspiration [11] . Acute risk of aspiration was mainly explained by lesions in the periventricular white matter, the internal capsule and the insular cortex, but poor recovery within 7 days was mainly driven by an additional fronto-opercular lesion [11] . Apart from this specific predictor of extended recovery (combined ischaemic infarction of the frontal operculum and the insular cortex), previous studies defined nonspecific predictors such as stroke severity (NIHSS score), age and lesion volume [8, 10, [23] [24] [25] . A recent retrospective study described a predictive model for PEG tube feeding at a very early time point of less than 24 hours [26] . Patients with supra-and infratentorial ischaemic stroke were included, which we feel is critical because recovery from supra-and infratentorial strokes is different. There is no need to predict future PEG tube feeding within the first week because (i) dysphagia improves in an important proportion of patients within the first week and (ii) early PEG tube feeding instead of NG tube feeding can even harm the patient [16] . Table 2 : PHAD sub-items in patients with extended risk of aspiration. Oral preparation phase 5 3.4 (0.9) 3 (1) 3.6 (0. Like our study, previous neuroimaging studies did not show an overall hemispheric predominance during swallowing, although at an individual level hemispheric predominance cannot be excluded, being out-averaged at the group level [27] . It is noteworthy that all patients with a prolonged impairment of deglutition in our study were struck by a lesion within the insula / frontal operculum complex. This issue has to be reconsidered in order to formulate eventually a compound clinical and morphological lesion score. The fact that prolonged impairment of deglutition of more than 4 weeks cannot reliably be predicted at an early timepoint is expressed in current guidelines, which recommend starting NG tube feeding in the early phase (<72 h). PEG tube feeding is not advocated until the next plateau phase around days 10 to 14 and only if prolonged impairment of deglutition requiring enteral tube feeding is expected for another 4 weeks or more [17] . The recommendation is derived mostly from the large FOOD trial which showed a trend for lower mortality when tube feeding was introduced early (<7 days), but no benefit of early PEG tube feeding compared with NGT feeding [16] . By using the PHAD in the second week after a stroke, our study adds an important and so far missing piece of information needed to decide at the given time-point which patients are at high risk for prolonged dysphagia and will benefit from a PEG tube as proposed by current guidelines [17] . The PHAD is an easily performed and well standardised dysphagia score covering all important aspects of swallowing within its 14 items. With a score from 20 to 100 it is easier to define cut-offs for PEG tube feeding in comparison with our standard dysphagia assessment, which incorporates many different tests. In a stroke network of various bigger and smaller hospitals, this score allows easily applicable and standardised criteria for PEG tube feeding. Of the eight patients with a PHAD score of ≤70, seven had impaired deglutition for another 4 weeks, with six of them receiving PEG tube feeding. On the other hand, only 1 out of 20 patients with a PHAD score of more than 70 points still suffered from seriously impaired deglutition. Therefore, we consider patients with a score of ≤70 in the PHAD 1 week after stroke onset as good candidates for PEG tube insertion. The linear regression model showed a significant association of the PHAD sub-item "pharyngeal phase" with the BODS-2 score at final evaluation. This finding is in line with the concept that the pharyngeal phase of swallowing may be synaptically linked to airway-protective reflexes [19, 28, 29] . It emphasises that an impaired pharyngeal phase of swallowing is a critical sign pointing to an increased likelihood of an increased and prolonged risk of aspiration.
A few limitations of the study have to be considered. The number of patients with prolonged impairment of deglutition is rather low, but the promising results will ease validation in a larger multicentre cohort. The predication of prolonged impairment of deglutition by the PHAD has been validated exclusively for supratentorial ischaemic strokes. The study was accomplished at the level of dysphagia assessment, requiring an adequately sized group of trained SLPs [30] .
To conclude, the PHAD assessed in the second week after stroke onset seems to be a good predictor of prolonged dysphagia for a further 4 weeks or longer in a selected group of patients with hemispheric ischaemic stroke at risk of aspiration for more than 1 week after the stroke. These data can be used as a basis for helping the clinician in everyday practice: to decide about switching from NG tube to PEG tube feeding beyond the first week after ischaemic stroke, and to study therapeutic interventions and the mechanisms of recovery from dysphagia. In the future, the PHAD may help to standardise dysphagia assessment and monitoring for quality control in stroke networks.
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Figure 1
Patient enrolment and exclusion. First and second dysphagia assessments consisted of: comprehensive dysphagia assessment including the two-out-of-six scale. If the two-outof-six scale score was ≥2 the Parramatta Hospitals' Assessment of Dysphagia was added by a speech-language pathologists (SLP) who was unaware of the other dysphagia and clinical assessments. First assessment was performed within 48 h after stroke onset and the second 8-10 d after stroke onset. The final evaluation was performed by an SLP blinded to clinical follow up and consisted of a telephonic interview with assessment of the BODS-2 scale (Bogenhausen-dysphagia-score, part 2) 4 weeks after the second assessment (5-7 weeks after stroke onset).
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Figure 3
Impairment of deglutition 5 to 7 weeks after stroke. BODS-2 (Bogenhausen-dysphagia-score, part 2) assessed 5-7 weeks after a stroke (final evaluation) in the group with "extended risk of aspiration" (n = 29). PEG indicates individuals with percutaneous endoscopic gastrostomy. Note partitioning into groups (i) BODS-2 <4 and (ii) BODS-2 ≥4. The latter, representing the group of "prolonged impairment of deglutition" (n = 7), had to be predicted from the PHAD score.
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